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muscle palatability traits1
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M. Koohmaraie,* and M. E. Dikeman‡
*US Meat Animal Research Center, ARS, USDA, Clay Center, NE 68933; †US Meat Animal Research Center,
ARS, USDA, Lincoln, NE 68583; and ‡Department of Animal Sciences and Industry,
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ABSTRACT: Bovine respiratory disease (BRD) is the
most costly feedlot disease in the United States. Selec-
tion for disease resistance is one of several possible
interventions to prevent or reduce the economic loss
associated with animal disease and to improve animal
welfare. Undesirable genetic relationships, however,
may exist between production and disease resistance
traits. The objectives of this study were to estimate the
phenotypic, environmental, and genetic correlations of
BRD with growth, carcass, and LM palatability traits.
Health records on 18,112 feedlot cattle over a 15-yr
period and slaughter data on 1,627 steers over a 4-yr
period were analyzed with bivariate animal models.
Traits included ADG, adjusted carcass fat thickness at
the 12th rib, marbling score, LM area, weight of retail
cuts, weight of fat trim, bone weight, Warner-Bratzler
shear force, tenderness score, and juiciness score. The
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INTRODUCTION
Bovine respiratory disease (BRD) is the most costly
beef cattle disease in the United States. Costs associ-
ated with BRD prevention, treatment, morbidity, and
mortality have been estimated from $13.90 (Snowder
et al., 2006) to $15.57 (Faber et al., 1999) per head.
Annual losses to the US cattle industry are estimated
to approach $1 billion, whereas preventative and treat-
ment costs are over $3 billion annually (Griffin, 1997).
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estimated heritability of BRD incidence was 0.08 ± 0.01.
Phenotypic, environmental, and genetic correlations of
the observed traits with BRD ranged from −0.35 to
0.40, −0.36 to 0.55, and −0.42 to 0.20, respectively. Most
correlations were low or negligible. The percentage of
carcass bone had moderate genetic, phenotypic, and
environmental correlations with BRD (−0.42, −0.35,
and −0.36, respectively). Hot carcass weight and weight
of retail cuts had moderate, undesirable phenotypic cor-
relations with BRD (0.37 and 0.40, respectively). Corre-
lations of BRD with LM palatability and ADG were not
detected. Low or near zero estimates of genetic correla-
tions infer that selection to reduce BRD in feedlot cattle
would have negligible correlated responses on growth,
carcass, and meat palatability traits or that selection
for those traits will have little effect on BRD susceptibil-
ity or resistance.
Selection for disease resistance is one of several alter-
natives to prevent or reduce economic losses associated
with animal disease and to improve animal welfare.
Undesirable genetic relationships, however, sometimes
exist between production and health traits (Rauw et
al., 1998). Selection for increased growth rate depressed
immune performance (Miller et al., 1992) and increased
mortality in broilers (Leenstra, 1993) and turkeys (Nes-
tor et al., 1996). Selection for percentage of carcass
lean in pigs increased leg weaknesses (Sather, 1987).
In dairy cattle, milk yield has undesirable genetic corre-
lations with mastitis, ketosis, and disease records (Sim-
ianer et al., 1991) and with cystic ovaries and metritis
(Van Dorp et al., 1998). In sheep, selection against the
prion protein gene associated with scrapie susceptibil-
ity decreased lamb weights (Brandsma et al., 2004);
however, Isler et al. (2006) reported no significant or
important genetic association of the prion protein gene
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Table 1. Number of feedlot cattle and steers slaughtered
and years recorded by breed type
Feedlot Slaughter
Breed type cattle steers Years
Angus 2,127 118 1987 to 2001
Hereford 1,649 145 1987 to 1999
Charolais 1,883 121 1987 to 2001
Gelbvieh 1,649 146 1987 to 2001
Red Poll 387 101 1987 to 1991
Simmental 355 120 1987 to 1991
Pinzgauer 346 113 1987 to 1991
Braunvieh 380 134 1987 to 1991
Limousin 436 140 1987 to 1991
MARC I 2,974 175 1987 to 2001
MARC II 2,962 146 1987 to 2001
MARC III 2,964 155 1987 to 2001
Overall 18,112 1,627
with 25 growth, carcass, and meat quality traits. Selec-
tion to reduce fecal parasitic egg count (indirect selec-
tion for resistance to internal parasites) increased back-
fat depth in lambs (Pollott and Greef, 2004).
Phenotypic and genetic relationships between pro-
duction and health traits in beef cattle have not been
clearly established. Before incorporating health traits
into selection indices, potential genetic antagonisms be-
tween production and health traits must be understood.
Therefore, the objectives of this study were to esti-
mate the phenotypic and genetic correlations of BRD
with growth, carcass, and meat palatability traits.
MATERIALS AND METHODS
Animals
All experimental procedures were reviewed and ac-
cepted by the ARS Animal Care and Use Committee
and were in accordance with the Federation of Animal
Science Society’s Guide to Care and Use of Agricultural
Animals in Agricultural Research and Teaching.
Growth data (n = 18,112), health records (n = 18,112),
and carcass data (n = 1,627) of cattle in feedlots at the
US Meat Animal Research Center (USMARC), Clay
Center, Nebraska, for a 15-yr period (1987 through
2001) were evaluated (Table 1). The data were for 9
pure breeds (Angus, Braunvieh, Charolais, Gelbvieh,
Hereford, Limousin, Pinzgauer, Red Poll, and Simmen-
tal) and 3 composite breeds (MARC I, MARC II, and
MARC III).
Not all 12 breeds were represented across all years.
Five breeds (Braunvieh, Pinzgauer, Red Poll, Simmen-
tal, and Limousin) had records only from 1987 through
1991. Hereford records were available from 1987
through 1999. Breeds present across all years included
Angus, Charolais, Gelbvieh, and the 3 MARC com-
posites.
Calves were typically born over an average period
of 101 d between mid-February and early June. Only
single-birth and spring-born calves were considered.
Preweaning management, pasture description, and
supplemental feeding of the cows and calves have been
previously described by Gregory et al. (1991) and
Snowder et al. (2006).
Management and Environment
Feeding and management in the feedlot were pre-
viously described by Gregory et al. (1994a,b). Cattle
were begun on a backgrounding diet of 2.65 Mcal of
ME/kg of DM with 15.4% CP on a DM basis. Steers
were randomly assigned to 1 of 2 finishing diets. Finish-
ing diet 1 contained 2.83 Mcal of ME/kg of DM and
11.5% CP on a DM basis. Finishing diet 2 contained
3.07 Mcal of ME/kg of DM and 11.5% CP on a DM
basis. On average, across years, the cattle were fed the
backgrounding diet for approximately 5 wk to become
adjusted to the finishing diet. The average feeding pe-
riod was 200 d, with an ADG of 1.0 kg for all steers
and heifers. Breed effects on growth and the efficiency of
gain estimated from this data set have been previously
reported (Gregory et al., 1994a,b, 1995; Rios-Utrera et
al., 2005).
Calves entered the feedlot at an average age of 176
d and BW of 205 kg. Protocols for vaccination and treat-
ment of sick cattle were described by Snowder et al.
(2006). Calves were fed separately by sex and were
generally fed within breed groups. Pens were of 2 sizes,
15 × 61 m (915 m2) and 29 × 61 m (1,769 m2). Steers
were stratified according to live BW to pens in initial
groups of 24 cattle. Heifers were generally fed in the
larger pens in multiple breed groups with more cattle
per pen. The number of calves per pen ranged from 6
to 72 over the feeding period.
Growth and Carcass Traits
Growth rate was defined as ADG during the time on
feed. Carcass and LM palatability data were collected
on steers representing all 12 breed types (n = 1,627)
only from 1988 through 1991. Steers were serially
slaughtered at 4 d-on-feed end points with 20, 21, or
22 d between slaughter dates. Steers within a breed
were assigned to a slaughter group on a random basis,
stratified by BW based on the last BW taken before the
beginning of the serial slaughter schedule (Gregory et
al., 1994c). Slaughtered steers were fed for a mean of
235 d, with a mean age at slaughter of approximately
440 d. No heifers were slaughtered. Carcasses were
processed into wholesale cuts, which were further pro-
cessed into boneless steaks, roasts, and lean trim.
Carcass traits included adjusted s.c. fat at the 12th
rib, marbling score, area of LM, KPH, retail product
weight and percentage, fat trim weight and percentage,
chemical fat percentage in wholesale rib soft tissue,
chemical fat in LM, and bone weight and percentage.
After a 24-h chill period, measurements of s.c. fat thick-
ness at the 12th rib visually adjusted for variations in
distribution on the carcass, area of the LM, and mar-
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bling score were taken. Retail product included
trimmed steaks and roasts plus lean trim adjusted to
20% fat. Fat trim included all s.c. and accessible inter-
muscular fat removed during fabrication of the whole-
sale and related retail cuts. Palatability traits included
Warner-Bratzler shear force of the LM and trained sen-
sory panel scores for tenderness and juiciness. Warner-
Bratzler shear force was measured on 1.27-cm-thick
LM steaks from the 5th to the 6th rib. Data collection
procedures, as well as estimates of breed effects for
growth, efficiency of gain, carcass, and meat sensory
traits, have been previously reported (Gregory et al.,
1994a,b, 1995).
Period Effect
The effect of BRD on growth rate can be influenced by
the period when the BRD illness in the feedlot occurred
(Bateman et al., 1990; Faber et al., 1999). Thus, the
effect of period when the BRD treatment occurred on
carcass and LM palatability traits was examined by
adding to the model a group effect for period when the
BRD treatment occurred. Cattle with BRD treatment
records were assigned to 1 of 3 period-when-treated
groups: EARLY (1 through 40 d), MID (41 through 80
d), and LATE (81 d or greater). Classification was based
on the epidemiological curve for BRD treatment re-
ported by Snowder et al. (2006), in which incidence of
BRD peaked at d 14 on feed and remained high until
approximately d 80 on feed, followed by a decrease in
incidence until it was negligible at about 110 d on feed.
Although this classification resulted in unbalanced
group sizes of approximately 200 (EARLY), 300 (MID),
and 100 (LATE) cattle, the contagious period of 1
through 80 d was separated into 2 equal time stages,
whereas the LATE stage covered approximately 120 d.
Cattle with no BRD treatment records were assigned
to the HEALTHY group (n = approximately 1,000).
Disease Detection
Cattle were monitored daily by the staff veterinarian,
beef cattle research technicians, or both. Diseases were
detected by physical examination, necropsy, or labora-
tory analyses and were recorded. Typical clinical symp-
toms for BRD included one or more of the following:
fever, rapid breathing, repetitive coughing, nasal or eye
discharge or both, diarrhea, dehydration, and appetite
depression. Disease classifications related to BRD were
combined. The majority of the classifications for BRD
were from classifications for pneumonia and respiratory
disease (86 and 11%, respectively). Additional disease
classifications included for BRD were bronchitis, em-
physema, pleuritis, pulmonary adenomatosis, upper re-
spiratory infection, and pleural fibrosis. Because such
diseases may be interpreted as BRD by feedlot staff, it
seemed appropriate to include them as BRD in the data
set. The recoded binary classification listed cattle as
either not treated (classification = 200) or treated for
BRD (classification = 100).
Statistical Procedures
Statistical analyses were performed using the com-
puter programs of Boldman et al. (1995) using a deriva-
tive-free REML algorithm (Graser et al., 1987). Linear
models for growth, carcass, and LM palatability traits
were similar. Fixed effects included breed (n = 12), year
of birth (1988 through 1991 for carcass and LM palat-
ability traits; 1987 through 2001 for growth), finishing
diet (1 or 2), and group (EARLY, MID, LATE,
HEALTHY). Age at weaning and number of days on
feed were included as covariates. With the exception of
group, the statistical models were similar to those used
in previous analyses of these traits (Gregory et al.,
1994a,b, 1995).
The effects of BRD and period when treated for BRD
on carcass and LM palatability traits were evaluated
by linear contrasts of the solutions for the HEALTHY
group with the solutions for the groups treated for BRD.
The effects of period when treated for BRD on the vari-
ous traits were determined by linear contrasts for solu-
tions for groups treated for BRD (EARLY, MID, LATE).
The general effect of BRD on the various traits was
determined by contrasts of weighted solutions for
groups treated for BRD with the HEALTHY group. A
Student’s t-test, with a level of significance of 0.05 was
used for each contrast.
Variance Components. Variance components and
genetic correlations were estimated using data from all
purebred and composite breeds combined in an overall
analysis. The pedigree file used to calculate the rela-
tionship matrix consisted of 47,880 cattle born from
1972 through 2001, including 1,655 sires and 15,648
dams. The number of cattle in the pedigree file with a
nonzero inbreeding coefficient was 6,984. Those cattle
had an average inbreeding coefficient of 2.3%. Of the
18,112 feedlot cattle, 5,104 had nonzero inbreeding coef-
ficients, with an average of 2.2%. The effect of inbreed-
ing on growth and carcass traits and on BRD incidence
was assumed to be negligible.
Variance components for each trait were initially esti-
mated using a single-trait animal model. Convergence
was considered to have been reached when the variance
of the −2 logL in the simplex was less than 1 × 10−6.
After the initial convergence, 4 restarts were performed
to ensure global convergence, as determined when the
−2 logL did not change to the second decimal. Standard
errors of the heritability estimates were based on the
average information matrix and the delta method (Do-
denhoff et al., 1998).
The model for analyses of BRD score included fixed
effects for year, breed type, and sex of calf and 2 linear
covariates (initial BW on entering the feedlot and total
days on feed). Calf (genetic direct) was a random effect.
Because breed types were confounded with years, and
the incidence of BRD varied with groups of years, breed
type by year was regarded as an uncorrelated random
effect. Estimates with this model for BRD score were
previously reported by Snowder et al. (2006).
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Genetic correlations for BRD with growth, carcass,
and LM palatability traits were estimated with bivari-
ate analyses, using models previously described. Be-
cause not all cattle were slaughtered, SE of the genetic
correlations were estimated using a procedure that
nests each missing observation within a unique level
of a dummy fixed factor associated with each trait (S.
D. Kachman, University of Nebraska, Lincoln and L.
D. Van Vleck, personal communication). Phenotypic
correlations were derived by dividing the sum of the
genetic and environmental covariances by the product
of the estimates of the phenotypic SD (Falconer, 1976).
RESULTS AND DISCUSSION
The average annual incidence of BRD across all years
(1987 to 2001), including heifers and steers, was ap-
proximately 17%. However, the average annual inci-
dence of BRD was much greater from 1988 through
1991 when steers were slaughtered for carcass and LM
palatability data. In a previous study of these data,
Snowder et al. (2006) reported annual incidences of
BRD ranging from 5 to 44% per year, with greater inci-
dences occurring from 1987 through 1992. Incidence
rates of epidemic proportions were observed in 1990
(44%) and 1991 (33%). The greater incidence rates were
attributed to factors related to year and management
effects rather than to sampling. These factors included
the use of less effective killed virus vaccines from 1987
through 1992 compared with modified live virus vac-
cines used from 1993 through 2001, adding parainflu-
enza-3 vaccine to the calf vaccination program in 1995,
and changing the castration method from surgical (1987
through 1989) to mechanical banding (1990 through
2001). After 1992, the annual overall incidence re-
mained less than 14%, although there were occasional
high incidence rates for some breed types. Breed differ-
ences for susceptibility to BRD were presented earlier
by Snowder et al. (2006).
The use of clinical signs or treatment records for clas-
sifying BRD may have limitations. Subclinically in-
fected animals are not classified. At slaughter, the pres-
ence of lung lesions is a common method of determining
current or previous respiratory lung infection. Not all
cattle with lung lesions associated with BRD will have
clinical symptoms, and not all cattle with BRD symp-
toms will have detectable lung lesions at slaughter
(Wittum et al., 1996; Gardner et al., 1999). Subclinical
respiratory tract infections may produce permanent
lung damage and have associated negative effects on
growth and carcass traits. Gardner et al. (1999), how-
ever, reported that differences in growth and carcass
traits between treated and nontreated steers and be-
tween steers with or without lung lesions were gener-
ally similar.
Unadjusted means and SD for growth, carcass, and
LM palatability traits are reported in Table 2 and are
similar to those reported by Gregory et al. (1995), using
an almost identical data set. Because data from heifers
were included in this study, the mean for ADG is less
than that previously reported by Gregory et al. (1995).
Effects of breed and retained heterosis for these traits
have been previously reported (Gregory et al., 1994a,b).
Cattle treated for BRD had somewhat smaller means
and SD for fat-related traits than the HEALTHY group.
Unadjusted means and numbers for period-when-
treated groups are reported in Table 3. Although the
period for the LATE group included 120 d of the 200-
d feeding period, the number of cattle treated for BRD
was much less than the numbers in the EARLY and
MID groups. Unadjusted means were generally not sig-
nificantly different among groups treated for BRD
within a trait. However, cattle treated during the LATE
period tended to have heavier carcasses, more retail
product, less fat trim, and heavier bone weight than
EARLY and MID groups.
Linear contrasts also identified significant reductions
(Table 4) in most carcass fat traits of BRD-treated cattle
compared with healthy cattle. These traits included ad-
justed 12th rib carcass fat, KPH fat percentage, and
fat trim weight and percentage. Decreases in external
and internal measures of fat due to BRD have been
previously reported (Gardner et al., 1999; Roeber et al.,
2001). The effect of BRD on marbling score was not
significant and agrees with a study by Gardner et al.
(1999); however, significant decreases in marbling score
for BRD-treated cattle have been reported (Roeber et
al., 2001).
Illness due to BRD was also associated with de-
creased carcass weight, which, in turn, decreased
weight and percentage of retail product (P ≤ 0.05; Table
4). Lighter carcass weights due to BRD were previously
reported by Gardner et al. (1999) and Roeber et al.
(2001). The increase in percentage of bone in BRD-
infected calves was likely related to lighter carcass
weights as a result of decreased fat. Calves treated
for BRD did not differ from healthy calves for ADG,
marbling score, percentage of fat in the rib soft tissue
and LM, and LM palatability traits.
Previous studies have reported that cattle with BRD
generally have less ADG when compared with healthy
animals (Bateman et al., 1990; Gardner et al., 1999;
Snowder et al., 2006). In this study, we used the same
data set used by Snowder et al. (2006), but this time a
significant negative effect of BRD on ADG was not
found. Including the fixed effects of period when treated
for BRD in the statistical model in this study is the
probable cause for reducing the detectable effect of BRD
on ADG. Other researchers have reported nonsignifi-
cant differences for ADG between calves treated and
not treated for BRD (Jim et al., 1993; Wittum et al.,
1996). Faber et al. (1999) reported that after cattle were
effectively treated for BRD, compensatory gain was suf-
ficient such that no difference in ADG was observed
over a 220-d feeding period. Compensatory gain by
BRD-affected calves was also inferred by Bateman et
al. (1990), who reported that ADG of BRD-affected
calves was 0.14 kg less than that of healthy calves after
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Table 2. Number of calves and unadjusted means (±SD) for growth, carcass, and LM
palatability traits by health classification1 and overall
HEALTHY BRD Overall
No. of No. of No. of
Trait2 calves Mean calves Mean calves Mean
ADG, kg 14,970 1.00 ± 0.30 2,966 1.02 ± 0.30 17,936 1.00 ± 0.30
HCW, kg 1,014 337 ± 40 612 330 ± 41 1,626 334 ± 40
Adjusted carcass fat, cm 1,014 0.68 ± 0.45 612 0.63 ± 0.43 1,626 0.66 ± 0.45
Marbling score 1,015 499 ± 70 612 490 ± 71 1,627 495 ± 71
REA, cm2 1,015 79.0 ± 10.5 611 78.0 ± 10.3 1,626 78.7 ± 10.4
KPH fat, % 1,015 2.8 ± 0.7 612 2.7 ± 0.7 1,627 2.8 ± 0.7
Retail product, kg 980 211 ± 28 585 208 ± 28 1,565 210 ± 28
Retail product, % 980 65.8 ± 5.2 585 66.3 ± 5.2 1,565 66.0 ± 5.2
Fat trim wt, kg 980 61.7 ± 21.9 585 57.6 ± 21.1 1,565 60.1 ± 21.7
Fat trim, % 980 19.1 ± 6.0 585 18.3 ± 6.0 1,565 18.8 ± 6.0
Fat in ribs, % 980 33.2 ± 7.5 587 32.9 ± 7.6 1,567 33.1 ± 7.6
Fat in LM palat, % 980 4.0 ± 1.4 588 3.8 ± 1.3 1,568 3.9 ± 1.3
Bone wt, kg 981 48.3 ± 6.2 585 48.2 ± 6.7 1,569 48.3 ± 6.4
Bone, % 980 15.1 ± 1.4 585 15.4 ± 1.5 1,565 15.2 ± 1.4
Shear force, kg 981 5.1 ± 1.2 588 5.2 ± 1.3 1,569 5.2 ± 1.3
Tenderness score 981 5.0 ± 0.7 588 5.0 ± 0.7 1,569 5.0 ± 0.7
Juiciness score 981 5.2 ± 0.5 588 5.2 ± 0.5 1,569 5.2 ± 0.5
Flavor score 981 4.9 ± 0.4 588 4.9 ± 0.4 1,569 4.9 ± 0.4
1HEALTHY = not treated for respiratory disease; BRD = treated for respiratory disease.
2Adjusted carcass fat = fat depth at 12th rib; marbling score, 4.0 to 4.9 = slight and 5.0 to 5.9 = small;
REA = LM area; KPH fat = estimated KPH; retail product = trimmed steaks and roasts; fat in ribs =
chemical fat from soft tissue of 9th to 11th rib cut; fat in LM palat = chemical fat in muscle; shear force =
Warner-Bratzler force required to cut through a 1.27-cm core of LM; tenderness score, 4 = slightly tough,
5 = slightly tender, and 8 = extremely tender; juiciness score, 4 = slightly dry, 5 = slightly juicy, and 8 =
extremely juicy; flavor score, 4 = slightly bland, 5 = slightly intense, and 8 = extremely intense.
Table 3. Number of calves and unadjusted means (±SD) for growth, carcass, and LM
palatability traits of calves treated for bovine respiratory disease by days-on-feed-when-
treated group1
EARLY MID LATE
No. of No. of No. of
Trait2 calves Mean calves Mean calves Mean
ADG, kg 1,724 0.98 ± 0.30 914 1.08 ± 0.29 440 1.05 ± 0.32
HCW, kg 217 327 ± 41 304 330 ± 42 91 339 ± 37
Adjusted carcass fat, cm 217 0.60 ± 0.41 304 0.67 ± 0.45 91 0.56 ± 0.43
Marbling score 217 4.92 ± 78 304 4.89 ± 68 91 4.86 ± 67
REA, cm2 217 77.3 ± 9.9 303 77.9 ± 10.6 91 80.5 ± 9.9
KPH fat, % 217 2.7 ± 0.7 304 2.8 ± 0.7 91 2.7 ± 0.6
Retail product, kg 203 204 ± 26 294 207 ± 30 88 216 ± 24
Retail product, % 203 66.1 ± 5.3 294 66.2 ± 5.3 88 67.2 ± 4.5
Fat trim wt, kg 203 57.6 ± 21.9 294 58.3 ± 21.2 88 55.4 ± 19.0
Fat trim, % 203 18.4 ± 6.2 294 18.5 ± 6.1 88 17.0 ± 5.2
Fat in ribs, % 204 32.8 ± 7.7 295 33.4 ± 7.9 88 32.1 ± 6.3
Fat in LM palat, % 204 3.8 ± 1.4 296 3.6 ± 1.1 88 3.8 ± 1.4
Bone wt, kg 204 47.9 ± 6.3 296 47.8 ± 6.8 88 50.5 ± 6.6
Bone, % 203 15.5 ± 1.5 294 15.3 ± 1.4 88 15.7 ± 1.5
Shear force, kg 204 5.2 ± 1.4 296 5.2 ± 1.3 88 5.3 ± 1.4
Tenderness score 204 5.1 ± 0.8 296 5.1 ± 0.7 88 4.8 ± 0.8
Juiciness score 204 5.2 ± 0.5 296 5.2 ± 0.4 88 5.1 ± 0.5
Flavor score 204 4.9 ± 0.4 296 4.9 ± 0.4 88 5.0 ± 0.4
1EARLY = d 1 to 40; MID = d 41 to 80; LATE = d 81 to slaughter.
2Adjusted carcass fat = fat depth at 12th rib; marbling score, 4.0 to 4.9 = slight and 5.0 to 5.9 = small;
REA = LM area; KPH fat = estimated KPH; retail product = trimmed steaks and roasts; fat in ribs =
chemical fat from soft tissue of 9th to 11th rib cut; fat in LM palat = chemical fat in muscle; shear force =
Warner-Bratzler force required to cut through a 1.27-cm core of LM; tenderness score, 4 = slightly tough,
5 = slightly tender, and 8 = extremely tender; juiciness score, 4 = slightly dry, 5 = slightly juicy, and 8 =
extremely juicy; flavor score, 4 = slightly bland, 5 = slightly intense, and 8 = extremely intense.
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Table 4. Solutions for bovine respiratory disease-treated
calves deviated from healthy calves and t-values for sig-
nificant contrasts for growth and carcass traits
Trait2 Solution t-value1
HCW, kg −5.64 3.67
Adjusted carcass fat, cm −0.04 2.34
REA, cm2 −0.96 2.34
KPH fat, % −0.07 2.13
Retail product, kg −2.48 2.13
Retail product, % −0.33 1.96
Fat trim wt, kg −2.39 3.04
Fat trim, % −0.40 2.51
Bone, % 0.18 3.25
1t-values greater than 1.96 are significant (P ≤ 0.05); values greater
than 2.58 are highly significant (P ≤ 0.01).
2REA = LM area.
28 d but that this difference decreased to 0.06 kg after
135 to 238 d on feed. Because the greatest incidence
of BRD generally occurs early in the feedlot, prompt
detection and proper treatment would contribute to re-
covery and subsequent compensatory gain.
No significant contrasts among period-when-treated-
for-BRD groups were detected (data not shown), sug-
gesting animal responses to BRD were similar without
respect to when the animal was classified as sick. Al-
though recovery time is highly variable and dependent
on numerous factors, cattle properly and promptly
treated for BRD with antibiotics and antiinflammatory
drugs generally recover in 5 to 6 d. This short period
with BRD would have a minor effect on ADG, especially
if BRD occurred soon after placement in the feedlot.
When BRD-treated groups were each contrasted with
the HEALTHY group (Table 5), the difference in solu-
tions for EARLY and MID groups were significant for
some traits. Carcass weight, carcass fat, and area of
LM were decreased, and percentage of carcass bone was
increased (P < 0.05) for the EARLY group compared
with the HEALTHY group. Contrasts between MID and
Table 5. Significant contrasts (solutions, t-values) among
groups for period when treated for bovine respiratory
disease for growth and carcass traits1
Trait2 Contrasts
HCW, kg HE (−7.25, 3.30) HM (−5.26, 2.68)
Adjusted carcass fat, cm HE (−0.03, 2.40)
REA, cm2 HE (−1.47, 2.40)
KPH fat, % HM (−0.11, 2.49)
Retail product, kg HM (−1.11, 2.49)
Retail product, % HM (−0.59, 2.78)
Fat trim wt, kg HM (−3.41, 3.41)
Fat trim, % HM (−0.72, 3.04)
Bone, % HE (0.19, 2.28) HM (0.20, 2.60)
1t-values greater than 1.96 are significant (P ≤ 0.05); values greater
than 2.58 are highly significant (P ≤ 0.01). HE = HEALTHY vs.
EARLY; HM = HEALTHY vs. MID; solutions for EARLY and MID
were deviated from HEALTHY.
2REA = LM area.
HEALTHY groups indicated that BRD during the MID
period decreased carcass weight, percentage KPH fat,
and weight and percentage of fat trim (P < 0.05). More
important was the significant decrease in weight and
percentage of retail product associated with the MID
group compared with the HEALTHY group.
Estimates of variance components and heritabilities
were similar for the univariate and bivariate models.
Estimates from the univariate models are reported in
Table 6. The heritability estimate for BRD (0.08 ± 0.01)
agrees with a previous estimate by Snowder et al.
(2006). Heritability estimates for carcass traits were
moderate to high, ranging from 0.26 to 0.68. Estimates
for LM palatability traits were moderate, ranging from
0.23 to 0.31. Estimates for ADG, carcass, and LM palat-
ability traits were in close agreement with previous
estimates (Gregory et al., 1995), except for retail prod-
uct weight and percentage and bone weight. These ex-
ceptions were due to differences in estimates of the
additive genetic variances. Means, SD, phenotypic vari-
ances for retail product weight and percentage, and
bone weight were similar to those reported by Gregory
et al. (1995). The statistical model in this study included
the fixed effect for period-when-treated-for-BRD
groups, which was not considered by Gregory et al.
(1995). Consequently, the additive genetic variances for
retail product weight and percentage and bone weight
were larger than the variance estimates from Gregory
et al. (1995). The larger additive genetic variances re-
sulted in heritability estimates greater than those re-
ported by Gregory et al. (1995) for retail product weight
and percentage (0.54 vs. 0.28 and 0.63 vs. 0.47, respec-
tively) and bone weight (0.68 vs. 0.39). Of related inter-
est are the significant contrasts between HEALTHY
and period-when-treated-for-BRD groups for retail
product weight and percentage and bone weight (Table
5). The difference between these 2 studies suggests that
health status can be considered as having a significant
effect on some traits.
Estimates of phenotypic and genetic correlations
among growth, carcass, and LM palatability traits have
been previously reported (Gregory et al., 1995; Wheeler
et al., 2001). Correlations of BRD with ADG, carcass,
and LM palatability traits were usually low or near
zero (Table 7). Moderate correlations with BRD were
estimated for HCW, retail cuts weight, and bone weight.
Phenotypic correlations with BRD ranged from −0.35
to 0.40. Hot carcass weight, weight of retail cuts, and
percentage of carcass bone were moderately correlated
phenotypically with BRD (0.37, 0.40, and −0.35, respec-
tively).
Estimates of genetic correlations for ADG, carcass,
and LM palatability traits with BRD ranged from −0.42
to 0.20. Most estimates of genetic correlations had large
SE and were not significantly different from zero. How-
ever, the moderate estimates suggest that selection for
resistance to BRD may have an undesirable correlated
effect on shear force and a reduction in the percentage
of bone weight. The small and nonsignificant estimates
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Table 6. Estimates of variance components and heritability (±SE) for bovine respiratory
disease (BRD), growth, carcass, and LM palatability traits of feedlot cattle1
Trait2 σ2p σ2a σ2e h2
BRD, % 1,246 93 1,128 0.08 ± 0.01
ADG, kg 21.64 7.54 14.10 0.35 ± 0.02
HCW, kg 884 388 496 0.44 ± 0.08
Adjusted carcass fat, cm 10.07 3.07 7.00 0.31 ± 0.15
Marbling score 0.36 0.17 0.19 0.47 ± 0.08
REA, cm2 67.51 20.02 47.49 0.30 ± 0.07
KPH fat, % 0.38 0.10 0.28 0.26 ± 0.07
Retail product, kg 358.54 194.84 163.70 0.54 ± 0.08
Retail product, % 10.50 6.60 3.90 0.63 ± 0.09
Fat trim, kg 217.20 98.22 118.98 0.45 ± 0.08
Fat trim, % 14.05 6.91 7.14 0.49 ± 0.08
Fat in ribs, % 26.43 10.32 16.11 0.39 ± 0.08
Fat in LM, % 1.24 0.51 0.73 0.41 ± 0.08
Bone wt, kg 20.73 14.08 6.65 0.68 ± 0.09
Bone, % 1.10 0.31 0.79 0.28 ± 0.07
Shear force, kg 1.26 0.32 0.94 0.25 ± 0.07
Tenderness score 0.43 0.14 0.29 0.31 ± 0.07
Juiciness score 0.20 0.05 0.15 0.23 ± 0.07
1σ2p = phenotypic variance; σ2a = additive genetic variance; σ2e = environmental variance; h2 = heritability.
2Adjusted carcass fat = fat depth at 12th rib; marbling score, 4.0 to 4.9 = slight and 5.0 to 5.9 = small;
REA = LM area; KPH fat = estimated KPH; retail product = trimmed steaks and roasts; fat in ribs =
chemical fat from soft tissue of 9th to 11th rib cut; fat in LM = chemical fat in muscle; shear force = Warner-
Bratzler force required to cut through a 1.27-cm core of LM; tenderness score, 4 = slightly tough, 5 = slightly
tender, and 8 = extremely tender; juiciness score, 4 = slightly dry, 5 = slightly juicy, and 8 = extremely
juicy.
Table 7. Estimates of phenotypic, genetic, and environ-
mental correlations of bovine respiratory disease with
growth, carcass, and LM palatability traits1
Trait2 rP rA rE
ADG 0.11 0.08 ± 0.07 0.12 ± 0.01
HCW, kg 0.37 0.04 ± 0.14 0.48 ± 0.04
Adjusted carcass fat, cm 0.04 −0.08 ± 0.15 0.07 ± 0.04
Marbling score 0.02 0.09 ± 0.13 0.00 ± 0.04
REA, cm2 0.02 −0.12 ± 0.15 0.06 ± 0.03
KPH fat, % 0.27 0.19 ± 0.16 0.29 ± 0.04
Retail product, kg 0.40 0.04 ± 0.13 0.55 ± 0.05
Retail product, % 0.04 −0.12 ± 0.13 0.11 ± 0.04
Fat trim, kg 0.07 0.07 ± 0.13 0.08 ± 0.04
Fat trim, % 0.12 0.14 ± 0.13 0.14 ± 0.06
Fat in ribs, % −0.12 −0.03 ± 0.14 −0.16 ± 0.06
Fat in LM, % 0.19 0.09 ± 0.14 0.23 ± 0.05
Bone wt, kg −0.22 −0.19 ± 0.12 0.32 ± 0.07
Bone, % −0.35 −0.42 ± 0.14 −0.36 ± 0.04
Shear force, kg 0.00 0.20 ± 0.16 −0.04 ± 0.03
Tenderness score 0.01 −0.16 ± 0.15 0.01 ± 0.03
Juiciness score 0.00 0.09 ± 0.17 −0.02 ± 0.03
1rP = phenotypic correlation; rA = genetic correlation; rE = environ-
mental correlation.
2Adjusted carcass fat = fat depth at 12th rib; marbling score, 4.0
to 4.9 = slight and 5.0 to 5.9 = small; REA = LM area; KPH fat =
estimated KPH; retail product = trimmed steaks and roasts; fat in
ribs = chemical fat from soft tissue of 9th to 11th rib cut; fat in LM =
chemical fat in muscle; shear force = Warner-Bratzler force required
to cut through a 1.27-cm core of LM; tenderness score, 4 = slightly
tough, 5 = slightly tender, and 8 = extremely tender; juiciness score,
4 = slightly dry, 5 = slightly juicy, and 8 = extremely juicy.
of genetic correlations suggest that selection to reduce
BRD in feedlot cattle would have negligible effects on
growth, carcass, and LM palatability traits. Perhaps,
most importantly, selection to reduce BRD would have
minor economic consequences on production traits or
product quality.
Estimates of environmental correlations of the traits
with BRD had much smaller SE and were also generally
low or near zero. However, environmental approaches,
including management and preventative therapies to
decrease BRD incidence, will increase HCW and weight
of retail cuts and will decrease percentage of bone
weight. For example, preconditioning treatment of feed-
lot cattle has a significant effect on reducing the number
of calves treated for BRD (Roeber et al., 2001).
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